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Figure S1. Hf-MOF-808 models used in the DFT simulations. The transferred proton in structures B and D, 

and the additional water molecules in E, F, G and H are marked with a blue circle. C and O atoms are 

depicted as gray and red sticks, Hf and H as cyan and white balls. The additional water molecules in G and 

H are not accessible for interaction with TMPO.
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Figure S2. N2 adsorption and desorption isotherms of Hf-MOF-808_H2O (red triangles) and Hf-MOF-

808_DMF (blue circles) materials.



S4

Figure S3. FTIR spectra of Hf-MOF-808_H2O (red line) and Hf-MOF-808_DMF (blue line) together with the 

FTIR spectrum of the organic ligand (black line) employed in its preparation.
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Figure S4. Thermogravimetric analysis of Hf-MOF-808_H2O (red line) and Hf-MOF-808_DMF (blue line).
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Figure S5. Curve fitting for the Hf4f XPS spectra of Hf-MOF-808_DMF (bottom) and Hf-MOF-808_H2O 

(top).
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Figure S6. Curve-fittings and |FT| of the k3-weighted χ(k) functions of Hf-MOF-808_H2O (red) and Hf-MOF-

808_DMF (blue).
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Figure S7. Kinetic profiles for α-pinene oxide conversion employing Hf-MOF-808_H2O (red circles) and Hf-

MOF-808_DMF (blue squares) as catalysts.
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Figure S8. Product selectivity for the isomerization of α-pinene oxide at 75-80% conversion employing Hf-

MOF-808_H2O and Hf-MOF-808_DMF as catalysts. The dotted line indicates the selectivity of 55%.
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Figure S9. A) Hot filtration test of Hf-MOF-808_H2O (red triangles) and Hf-MOF-808_DMF (blue triangles). 

B) Recyclability test of Hf-MOF-808_H2O and Hf-MOF-808_DMF after two consecutive runs for the 

isomerization of α-pinene oxide. 
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Scheme S1. α-pinene oxide isomerization catalyzed by Hf-MOF-808. 
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Table S1. Relative amount of Brønsted  and Lewis acid sites obtained from 31P MAS NMR spectra when 

TMPO was adsorbed onto Hf-MOF-808_H2O (P/Hf molar ratio=0.18) and Hf-MOF-808_DMF (P/Hf molar 

ratio=0.21). Integrated 31P peak area normalized at X ppm are calculated as: (mol P/g-cat)(mol Hf/g-cat)-

1(area % at δ=X ppm). TOF values were calculated for the epoxide ring-opening (ERO) and Meerwein-

Ponndorf-Verley (MPV) reactions.

Sample Acid site
δ 31P 

(ppm)

Integrated 
31P area 

(a.u.)

% area 

Integrated 

area 

normalized 

(%)

Ratio 

Brønsted/Lewis 

acid sites

Ratio 

ERO/MPV 

TOFs 

55 14340 4.17 0.75
Lewis

58 86555 25.16 4.53

62 202195 58.77 10.59

Hf-MOF-

808_H2O
Brønsted

68 40958 11.90 2.14

2.41 4.41

56 203220 57.90 12.16
Lewis

58 74419 21.20 4.45

62 59814 17.04 3.58

Hf-MOF-

808_DMF
Brønsted

69 13512 3.85 0.81

0.26 0.42



S13

Table S2. Isotropic δ(31P) chemical shifts and optimized PO bond lengths calculated for TMPO interacting 

with different sites in Hf-MOF-808 catalyst models. 

Model Site δ(31P) (ppm) r(PO) (Å)
A Hf 52 1.521
A µ3-OH 48 1.521
B H+ 68 1.554
C Hf 52 1.520
C µ3-OH 48 1.519
D H+ 86 1.578
E H2O 42 1.514
F H2O 43 1.516
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Table S3. Summary of optimized parameters by fitting the Hf L3-edge EXAFS data.a

Parameter Hf-MOF-808_H2O Hf-MOF-808_DMF
NHf-O1 2.4 ± 0.5 3.0 ± 0.4

RHf-O1 (Å) 2.060 ± 0.018 2.085 ± 0.013
NHf-O2 3.7 ± 0.7 3.9 ± 0.6

RHf-O2 (Å) 2.225 ± 0.015 2.242 ± 0.013
σ2

 Hf-O (Å2) 0.0036 ± 0.0012
NHf-Hf 3.4 ± 1.1 3.8 ± 1.2

RHf-Hf (Å) 3.498 ± 0.009 3.506 ± 0.005
σ2

 Hf-Hf (Å2) 0.0043 ± 0.0011
ΔE0 (eV) 7.2 ± 0.9

r-factor (%) 0.049 0.034

[a]The fits were performed up to the second coordination shell over FT of the k3-weighted χ(k) functions performed 
in the Δk = 2.0-13.3 Å-1 and ΔR = 1.1-4.0 Å intervals, resulting into a number of independent parameters of 41. S0

2 = 
1.0. 


